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(54) RADIO RECEIVER AND METHOD OF RECEPTION 



(57) Signals received from antennas are input to 
Lighting factor calculation sections 105 arri J 06 
Weighting factor calculation section 105 calculates 
weighting factors so as to eliminate an mterf erence sig- 
nal using the antenna reception signals and known s j- 
"als of a desired signal. Weighting factor calculate 
section 106 sequentially updates weighting factors so 
as to minimize the difference between a canned. sig- 
nal and its reference signal using the weighting factors 
calculated by weighting factor calculation section 105 as 



the initial values. On the other hand reception , quaMy 
measurement section 108 measures the reception qual- 
tty of the combined signal and outputs the 
result to weighting factor switching section^ Atter 
recei ving the measurement ^J^Q*^ 
switching section 107 switches weighting factors to be 
S3 for combination at the time , the reception quality 

changes.. 
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Description 

-Technical Field 

roOOll The present invention relates to an apparatus 
arimethod for radio reception "fl^?*^"** 
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Background Art 

tions" (compiled under the supervision of Jun HonKosni. 
SosaT S. ) describes that in an array antenna 
lonsSn^of a plurality of antennas, applying mm** 
Senate ishifttothe output of .pgjg'j 
combining them will change the * ^jgj 

TiL adaptive array antenna uses the pnnople above 

ffi^^bScTdiag^ showing 
Ha convenJonal adaptive array antenna apparatos 
ZmmTSmm to as "reception ^ «JJ 

f«S£S and S,eanTenna outputs weighted with 
iSetetghtinTfactors 3 for respective antennas are 

SSL are controlled by weighting facto. 
ton 5. Weighting factor. control section .B-J.JJ 
kinds of information to control we.ght.ng factora. array 
Sined output 4. respective antennaoutouts 2and 
advance knowledge 6 regarding a desired signal. Jhere 

an fSrence signal that is present conjnu^y du, 
inn the interval from the beginning to the end of a 
Sm Sa. (hereinafter referred to as ••synchronous 

ton user wno is different from the communication user 
Z ttZnmns the desired ^nal isthejtederence 
Snal. synchronization between the desired signal and 
interference signal is not guaranteed, and ttiere is a 
SSSm «• interference signal will rrox into the 
riSred Zonal at some midpoint as shown .n FIG.3. 
wSt iTs Se conventional system hasthe problem 
She interference signal mixes into the desired sig- 



nal at some midpoint the weighting factors catouteted 
usU a known signal of the desired signal before the 
Serence signal starts to interfere cannot fully ehmi- 
nate the interference signal. 

Disclosure of Invention 

raooai It is an objective of the present invention to pro- 
STan apparatus and method for adaptive array 
Tn^nna radio reception that can appropriately control 
S^TS^w'ionWnidon and effect^ 
Sate or suppress an interference signal even rf toe 
rrrfefenSe signal mixes into a desired s>gna. at some 

SSTSlii objective is achieved by a radioreception 
SLi comprising a combination section that 
Snts and then combines receptor 

v.. rt trt a niuraiitv of antenna elements respectively 
St Stor section that adaptively controls 

£m deception signals above accord^ to 
timeat which the interference signal mixes into the 
desired signal. 



Brief Description of Drawings 
[0010] 
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FIG 1 is ablockdiagram showing a CPnfigu^onof 
a conventional adaptive array antenna reception 

iertnce signal continuously interferes wrth a 
F^sSgram snowing a case where an inte, 
-,S«noe signal <^*?? 

^adaptive array antenna reception apparatus 
ScofdSg to Embodiment 1 of the present .oven, 

HG 5 is a blockdiagram showing a configuration of 
^adaptive array antenna reception appaiatos 
Wording to Embodiment 2 of the present inven- 

rSo isadiagram showing a slot configuration of a 
radio communication system according to Embodi- 
ment 3 of the present invention; 
?,G 7 ,s a diagram showing a combination direction 
aSording to the position of a known signal in the 
«art according to Embodiment 3; and 
v a^Sshowing a combination direction 

acLding to the position of another known signal in 
the latter part according to Embodiment 3. 

Best Mode for Carrying out the Invention 

[0011] With reference now to the a^chf ^wings^ 
Se embodiments of the present invention are explained 



in detail below 
(Embodiment 1) 

rooi21 FIQ 4 is a block diagram showing a configura- 

Son of an adaptive array antenna reception apparatus 

adding to Embodiment 1 of the present irwen^ 

^ adaptive array antenna reception apparatus .nputs 

^eptoJsignals output from a plurality of ant^^ 
S 101-1 to 101-n to their respectve mumplters 102- 

Tto?02-n where those reception s.gnafe are mulled 
by weighting factors (weights). Th^, adder 103 corn- 
Se signals output from muttipliers 102-1 to 102-n 
Mb combined signal 104 which becomes array output 
££ Tights multiplied on the reception signals 
are calculated by either f irst weighting factor calculation 
secSn lol or second weighting factor calculation seo- 
SfSe Westing factor switching section lOTselecte 
wanting factors calculated by A-M^ "jjj ; 
tor calculation section 105 or second weighting factor 
calculation section 106 and gives these we.gm.ng fac- 
SSTlwpHe»s 102-1 to 102-n. Weighting factor 
ScSng^ion 107 controls switching based on the 
Motion quality measurement result of combined s.g- 
which is the array output input from reception 
auality measurement section 108. . arrau 

?0014] Then, the operation of the adaptive array 
l Sa reception apparatus configured as shown 
ahove is explained in detail below. 

Snn ■ iSe si 9° als received from I T 

eWrts 101-1 to 101-n are input to f irst weighting fac- 
torSation section 105 and second weighting factor 
: SSS£S«*n 106. Rrst 
■ tion section 1 05 calculates weighting factors 1 09 sucn 
5£ Snate an interference signal using theantenna 

Second weighting factor calculation section 106 caicu 
fatS WekSng factors 1 10 and updates them sequen- 
S £ as to minimize the difference between 
colinld signal 1 04 and its reference signal using 
Sighting factors 109 calculated by first we.ght.ng factor 
calculation section 1 05 as the initial values. 
Soiq «n the case of the synchronous interference 
SSS in FIG.2. a desired signal. ^*££2£ 
sianal stripped of an interference sgnal, is obtained oy 
muSlying the antenna reception signals by^corre- 
s;ondlng g weighting factors 109 coated byjjr* 
weighting factor calculation section 105 and then com 

SSSTSli * because the known signal part of the 
Son signals when f irst weighting factor calculation 
Sn 105 calculates weighting factors 109 contains 
boS a desired signal and an interference sign* arri ^e 
weighting factors obtained from there can extract only 
T.e desired signal by eliminating the interference s.gnal 

nous interference shown in FIG.3. the known s.gnal part 



of the reception signatedoesnotcon^ 
signal, and the weighting factors 9^ jrom^ 
cannot eliminate :the jnteiference,signal ; that ntfrfer^ 
S therefore the reception qualrty deteriorates at 
> the time the imerference signal starts to.'nterfere. . 
[00191 in order to cope with such asyncbronousjnter- 
ference the present embodiment sequentially updates 
wJSng fairs 1 10 at second weighting faotorcalcu- 
SoTsection 106 and swftchea the weighting facto^to 
10 be multiplied on the antenna receptor 

weighting factors 109 to weighting factors "O^MJ 
time the interference signal starts to interfere. By adap- 
retysw^weightingfactorsinto^ 
embodiment can eliminates suppress an 'Jerference 
, 5 signal contained in the antenna reception signals^nd 
Sract adesired signal even in the case of asynchro- 

nous interference. , 
00201 Then, reception quality ^easuren^entaection 

108 measures the reception quality 
20 104 andinpute the measured value 

swrtching section 107. Weighting factor swrtching see- 
to 107 determines *e time at which the quality of 
Smbined signal 104 changed from the reception qualrty 

ss w ?ghting factors 1 10 outputfrom second weighting fac- 
tor calculation section loeatthattime^ 
r0021l As shown above. Embodiment 1 of the present 
nvention can effectively eliminate interference agnate 
£ SZtoe case of synchronous interference shown n 
30 FIG 2 and the. case of asynchronous interference 
shownSFI0.3.toatis.nc>tonlythecasewherean.nter, 
ference signal exists from the beginning but also the 
Sse wherl an interference signal mixes into a desired 
?ial at some midpoint. This makes possible , adaptive 

reception quality even if an interference signal exste. 
making rt possible to effectively suppress an interfer- 
ence sianal and extract a desired signal. 
. S?V £ the algorithm that sequentially updates 
40 weighting factors used in second weighting factor cateu- 
Son section 106. the amount of calculation tends to 
b«£ne enormous, but using the configuration JW 
altows the aching of the weighting rfactoi ^cufation 
sections as shown in the present en^'™* 
45 possible to use the algorithm only when rt is necessary 
and thus reduce the time and memory, etc. required to 
calculate weighting factors. 

rou231 In Embodiment 1 above, second weighting fac- 
o?2 culation section 106 sequentially updates ; w*ght- 
so ngSrtors110soastominimizethedifferencebe^^ 
iS combined signal and its reference signal but the 
above means is not essential in the present ^invention 
and rt is obvious that weighting factors can be calculated 
by other means that do not use known agnal&_ . 
ss 10024] Furthermore, the present embodiment 
deSrtoed the case with two weighting factor calcu ation 
S£t£«* number of weighting *f 
sections is not limited to 2; more weighting factor calcu 
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lation sections can also be added. 

U case where second weighting factor 
tion 106 uses the weighting factors calculated by f irst 
weighting factor calculation section 105 as the initial val- 5 
SfSSS need not always be followed; arbrtrary cen- 
sus am also be used and antenna reception s.gnals 
Sialso be combined using weighting factors f row sec- 
ond weighting factor calculation section 106. ^ 

(Embodiment 2) 



10026] FIQ.5 shows a configuration example of an 
Sve array antenna radio reception apparatus 
aS^toEmb^ « 
The parts that have the same functions as those of the 
adaptive array antenna radio reception apparatus 
shown in FIG.4 are assigned the same "^ers. 
[0027] The present embodiment detects the interfer 
ence mixed position of an interference signa from so 
antenna Caption signals prior to combination to 
acquire timing for switching weighting factors. 
\Sm The adaptive array antenna radio recept on 
a^aratus acceding to the present embodiment mputs 
XX of antenna reception signals not only to first * 
and second weighting factor calculation sections 105 
and 106 but also to interference mixed position detec- 
tion section 200. interference mixed position detection 
s^tiS performs correlation ^detection using known 

of an interference signal for the start tc ,«ndrf *° 
antenna reception signals (the start to end d fa trans, 
mission unit such as 1 slot or cell. ^.Interference 
mixed position detection section 200 predicte the posi- 
tion at which the highest correlation value is detected as 
the interference mixed position and outputs the pre-. 35. 
Scteo tnterference signal mixed position to weighting 
factor switching section 107'. 

So29] Then, the operation of the adaptive array 
antenna radio reception apparatus conf igured as shown ^ 
above is explained in detail below. . 
10030] Signals received from the antennas areinputto 
first weighting factor calculation section 105. second 
weighting factor calculation section 106 ^d 'ntefer- 
er^emiLipositiondetectionsectionaoO ■ Rrat wejgM- 
mg factor calculation section 105 calculates weighting <s 
' factors 109 such that eliminate interference signals 
using the antenna reception signals and known s.gnals 
ofadesired signal. Second weighting ^*^*° n 
section 106 sequentially updates we.ght.ng factor 110 
soasto minimize the difference between combined sig- so 
nal 104 and its reference signal using the weighting fac- 
tors 109 calculated by first weighting factor calculation 
section 105 as the initial values. ^„ an - a 
[0031] in the case of the synchronous interference 
K in F.G.2. a desired signal. which is ,*e ^on m 
signal stripped of an interference sgnaU 
multiplying the antenna reception signals I oy ^corre 
spending weighting factors 109 calculated by first 



weighting factor calculation section 105 and *encom 
bining them. This is because the known signal part of 
Se reception signals when first weighting factor calcula- 
fen section 105 calculates weighting factors contains 
both a desired signal and an interferenceaignal a^ the 
weighting factors obtained from there can extract only 
Te desired signal by eliminating the interference .signal 
from the reception signals. 

[00321 However, in the case of the asynchronous 
nterference shown in FIQ.3. the known signal part erf 
deception signals does n« contain an^.rrterfererce 
Sonal and the weighting factors obtained from there 
Snot eliminate the interference signal that interferes 
later and therefore the reception quality deteriorates^ 
the time the interference signal starts to interfere. In trus 
case, the present embodiment does not use the^own 
signals to calculate weighting factors, but sequent^ 
updates weighting factors 1 10 at second weighting fac- 
tor calculation section 106. thus making rt possible ^to 
suppress the interference signal ~ n ta>n^ «n*e 
antenna reception signals and extract the desired sig- 

[0033] Then, the antenna reception signals are input 
o interference mixed position detection section 200 
where the start to end of the antenna reception signate 
is subjected to correlation detection using known sig- 
nals of the interference signal. Interference mixed posi- 
tion detection section 200 predicts the posrtion at which 
the highest correlation value is detected as the interfer- 
ence mixed position and outputs the predicted interfer- 
ence mixed position to weighting factor ^swrtching 
section 107'. If the detection position is behind an 
appropriate position, weighting factor switching section 
107' switches weighting factors to be used for combina- 
tion at that position to weighting factors 110. 
[0034] "Asshownabove.Embodiment-2bfthepresent 
nvention can effectively eliminate or suppress interfer- 
ence signals in both the case of synchronous interfer- 
ence sSown in F.G.2 and the case of ^nchronous 
interference shown in FIG.3 by predicting the posrtion at 
which an interference signal starts to «merfere and 
switching the weighting factors from that position. 
Therefore, regariless of the time at which an .rrterfer- 
ence signal mixes into a desired signal, rf the i interfer 
ence signal exists in any known signal partxrf the 
antenna reception signal, it is possible to obtain a 
desired signal with the interference signal suppressed 
from the combined signal using the weighting factors 
calculated there. 

[0035] The present embodiment uses correlator, 
detection as a means for predicting the posrtion at which 
an interference signal mixes into a desired signal, but 
this need not always be followed; it is also possiae to 
predict the mixed position of an interference signal from 
the reception field intensity, for example. ; 
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(Embodiments) 

100361 in the radio communication system in the 
present embodiment, the transmitting side transmits by 
SdTo a transmission signal with known s.gnals placed in 
a plurality of locations in a slot and the 
receives the transmission signal above, calculates 
wSgrZS^rsusingthekrK^ signal parts where an 
TnterferSce signal exists, weights tt^""™* 1 ^ 
a plurality of antennas with these weighting factors cal 
culated and combines them. 

«S? As shown in FIG.6. the transm.ss.on data has 
Sstot conf iguration (frame format) where 
301 and 302 are placed in the first part and latUa part. 
wh c^lows toefernbinafen direction to be swrtched 
deoending on which known signal part contains both a 
deKdSSl and interference signal, the first part or 

ESS* case of the synchronous interference 

shown in FIG.2, if the interference signal ceases to exist 
S^e midpo nt as shown in FIG.7. weighting factors 
are iculatad using known signal part 301 .n the first 
^antenna reception signal. Since toe^own s.gnal 
Srt?n this f irst part contains both a des.red signal and 
Serference signal, weighting factors called _usmg 
this Dart can suppress the interference signal, ft is pos 
sile^act toe desired signal with the interference 
Sanal stressed from the combined signal obtained 
: Srnlhe Senna reception signals using those we.ght- 

{3^?° Moreover, in a case where n^nterf^ce si^ 
naTSsts in known signal 500 in the f .rst part and here 
"saninterferencesignal in known signal 501 .nthe latter 
: part Shting factors are calculated using known s.g- 
- natpartloi in the tatter part. In this case, at least one 
slot of antenna reception signals <V*"»* 
weiohting factors are calculated using known s.gnal part 
£ 0 ?M toelatter part and then the buffered antenna 
Scejon signals are combined . using those we.ght.ng 

fS in this way. selection can be made from two 
demodulation methods; one in which we.ghting factors 
^calculated using the known signal in the M .partof 
a slot (frame format) and these we.ght.ng 
combined from the first part to the latter part .°r*omthe 
fetter parttothefirst part, and the other .nwh.* weighty 
ing factors are calculated using the known signal .n the 
second part and these weighting factors are comb.ned 
from the latter part to the first part, or from toe f .rat part 
to the latter part In either case. A *^™ e *^** 
desired signal from the combined s.gnal wrth the mter- 
ference signal suppressed. 

[00411 EmbodmemSLBesastotcorf^uraton^frame 
format) containing known signals in first part 301 and 
after part 302. but it is possible to extract a des.reds.g- 
Sl thf known signal parts are ^J^SS^ 
ference signal is captured whenever rt starts to irterfera 
[00421 It is also possible to adopt a conf.gurat.on that 



calculates weighting factors usingalmowns.gnal.ntoe 
ttst part of the slot and anotoer known signal m the lat- 
ter, part of the same slot compares the 
tes^f both combined . signals we^ed. V^th the 
. ^gwrng factors above and uses, the comb.neds.gnal 
5 weigrrtSwrthtoeweightng^ 

ton qualrty. . 
[00431 ■ This configuration makes 
nate an interference signal by calculate waghtfng fac- 

synchronous interference, and using the known , signal 
in the latter part in the case of . asynchronous interfer- 

mOMl Furthermore, it is also possible to Install toe 

in a mobile unit and/or base station apparatus and con- 
struct a radio system that carries out a radio communi- 
cation between toe mobile unit and base station. _ ^ 
[0045] As described in detail above,the present inven- 
20 fen can effectively suppress an ^erferenc^^na^frorn 
I combined reception signal by adaptive* selecting and 
switching weighting factors according to the tone Mtt 
which toe interference signal mixes into a des.red s.g- 

5S 100461 This application is based on the Japanese Fat- 
^p.ication P Mo.HE. 10-102197 f iled on MarcM* 
^rentire content of which is expressly incorporated 
by reference herein. 



30 Industrial Applicability 

100471 The radio reception apparatus of the present 
[nvenfen is applicable to a base station apparatus in a 
digital radio communication system.. 
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Claims 

1. A radio reception apparatus comprising: 

combination means for weighting and then 
combining signals received from a plurality of 
antennas; and - ■■_ ■ 

factor adaptation means for adaptvely control- 
ling weighting on said reception signals accord- 
ing to the time at which an interference signal 
mixes intoa desired signal: . , 

2 The radio reception apparatus according to claim 1 . 
' wherein toe factor adaptation means comprises: 

reception quality measurement means for 
measuring the reception quality from a com- 
bined signal output from toe combination 

means; and ^ 

switching means for switching, if the reception 
:. quality deteriorates, to weighting factors 
obtained from the reception signals after the 
deterioration.. 
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3. 



The radio reception apparatus according to daim 1 . 
wherein the factor adaptation means comprises. 

Position detection means for detecting the posi- 
lion at which the interference signal mixes into s 
the desired signal; and ■ Minnfar 

switching means for switching to waghtmg fac- 
tors obtained from the reception signals at and 
after the position at which the interference sig- ■ 
nal starts to interfere. 

4 The radio reception apparatus acco. .ling to daim 3 
wherein the position detection means comprises a 

correlator that f inds correlation between the recep- 
tion signals and interference signal. 

5 The radio reception apparatus according to daim 1 . 
' said radio reception apparatus calculating i weight- 
ing factors from the reception signals and known ■> 
signals of the desired signal • 

6. The radio reception apparatus according to daim 1 . 
said radio reception apparatus updating weighting 
factors based on the difference between the com- 
bined signal and known signal, and reception sig- 2* 
nals. .' 



means. 
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7. a radio reception apparatus comprising: 

combination means for weighting and then 
combining signals received from a plurality of 
antennas; and 

weighting factor calculation means for calculat- 
ing weighting factors using one of known sig- 
nals placed in a plurality of locations in a slot .... 
that includes at least an interference signal. 

8 The radio reception apparatus according to daim 7, 
wnerein known signals are induded in two toca- 
tions; in the f irst and latter parts of the slot. 

9 The radio reception apparatus according to daim 8. 
Wherein weighting factors are calculated from a plu- 
rality of known signals placed in the slot. 

10 The radio reception apparatus according to daim 9. 
said radio reception apparatus further comprising: 
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first weighting factor calculation means for cal- 
culating weighting factors from the known sig- 
halin the first part of the slot; 
second weighting factor calculation means for 
calculating weighting factors from the known 
signal in the latter part of the slot and 
comparing means for comparing the reception ss 
quality of both combined signals weighted with 
the weighting factors calculated by said f irst 
and second weighting factor calculation 



11. A radio reception metJiod cpnprising the ateps of: - 

weighting and then combining signals received , 
. from a plurality of antennas; and ... 
V adaptively controlling weighting on said reoep- 
'( tion signals according to the time at which an 
interference signal mixes into a desired signal- 

12. The radio reception method according to claim 11. 
furtoer comprising the steps of : 

measuring -the reception quality from a 
weighted and combined signal; and 
switching, « the reception quality deteriorates, 
to weighting factors obtained from the recep- 
tion signals after the deterioration. 

13. The radio reception method according to claim 11. 
further comprising the steps of: 

detecting the position at which the interference 
signal mixes into the desired signal; and _ 
weighting the reception signals with weighting 
fadors obtained from the reception signals at 

and after the position at which the interference 
signal starts to interfere. 

30 14. The radio reception method according to daim^S 
further comprising the step of detecting the position 
at which the interference signal starts to interfere by 
finding correlation between the reception aignate 
and known signals of the interference signal, 

" is. A radio reception method comprising the steps of : 

receiving a transmission signal with known sig- 
■ nals placed in a plurality of locations in a slot; 
calculating weighting factors using a known 
signal part where an interference signal exists; 
and 

weighting the signals received from a plurality 
of antennas with these weighting fadors calcu- 
lated and then combining the weighted recep- 
tion signals. 

16. The radio reception method according to claim 15. 
further comprising the steps of : 
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calculating weighting fadors from a certain 
known signal in the first part of the slot; 
calculating weighting factors from another 
known signal in the latter part of the same slot; 
and 

comparing the reception qualities of both com- 
. bined signals weighted with said weighting fac- 
tors. • 



- 17 A radio transmission apparatus transmitting a itrans- 
mSon signal with transmission data dwded -nto 
SaSown signals placed in a l*™*^ 
tions in each slot to the radio reception apparatus 
according to claim 7. 

18. A radio communication method comprising the 
steps of: 

the transmitting side transmitting by radio ji - 
transmission signal with known s.gnals placed . 
in plurality of locations in a slot; and n 
the receiving side receiving said transmission 
signal, calculating weighting factors .gang i a 
known signal part where an interference ^ signal 
exists and weighting signals receded from a 
plurality of antennas with the we.ght.ng factors 
calculated and combining these weighted 
reception signals. 

19 A base station apparatus comprising a radio recep- 
prising: 

combination means for weighting and ^en 
combining signals received from a plurality of 

antennas; and ~ jL*i 

factor adaptation means for adaptive y contrd- 
Hnq weighting on said reception signals acpord- 
ing to me time at which an interference signal 
'x mixes into a desired signal. 
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20. A communication terminal apparatus C *S °* s 
radio communication with abase station apparatus, 

said base station apparatus compnsing: 

combination means for weighting and then 
combining signals received from a pluralrty of ; : 

STr^on means for adaptive* co£* V- 
ling weighting on said reception s.gnals accord- 
ing to trie time at which an interference signal 
mixes into a desired signal . 
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